INTRODUCTION
Fifteen years ago Heller and co-workers demonstrated the localization of neurohypophysial hormone within the elementary granules of the neural lobe (Lederis & Heller, 1960; Heller & Lederis, 1961 ;  Barer, Heller & Lederis, 1963) . This finding was rapidly confirmed in other laboratories (Schapiro & Stjarne, 1961 ; Weinstein, Malamed & Sachs, 1961 ;  LaBella, Beaulieu & Reiffenstein, 1962) . The hormone in the elementary granules is almost certainly present in the form of a protein-hormone complex with the neurophysin proteins, since material indistinguishable from the Van Dyke protein (LaBella, Vivian & Bindler, 1967) and neurophysins (Ginsburg & Ireland, 1963; LaBella, 1968) can be isolated from granule preparations. The elementary granules were described by Palay (1955 Palay ( , 1957 who first reported the ultrastructural appearances of the osmium-fixed neural lobe.
There is a wealth of evidence concerning the amount of hormone stored in the neuro¬ hypophysis of a large number of species (for review see Heller, 1966) and under a wide variety of experimental conditions (see review by Lederis & Jayasena, 1966; Jones & Pickering, 1969) and there are also many reports of ultrastructural observations on the neural lobe, both in untreated animals and in animals subjected to a wide variety of experimental conditions (e.g. Holmes & Kiernan, 1964; Barer & Lederis, 1966;  Bargmann, 1968;  Scott, 1968; Zambrano & De Robertis, 1968; Boudier, Boudier & Picard, 1970; Dellmann & Rodriguez, 1970; Nagasawa, Douglas &Schulz, 1970 ; Kent & Williams, 1974 Rodriguez, 1971; Krisch, 1974) , with the exception of the reports of Reinhardt, Henning & Rohr (1969) , Santolaya, Bridges & Lederis (1972) and , none of these studies has provided quantitative data concerning the numbers of granule profiles seen in thin sections, and none has provided sufficient data to permit the computation of the total number of granules within the gland.
Despite the early prominence of hypotheses that neurohypophysial hormone escaped from the granule in a form of molecular dispersion (Palay, 1957) and thus existed in both an intragranular and an extragranular pool (see Thorn, 1965 ; Ginsburg, 1968) , many workers now appear to think that hormone is stored exclusively within the granules and that the presence of hormone in the supernatant of an homogenized gland reflects an artifact of granule damage during preparation of the material (Douglas, 1973; Swann & Pickering, 1974;  Cross, Dyball, Dyer, Jones, Lincoln, .
If all hormone is intragranular, then calculation of the amount of hormone stored within a granule requires a knowledge of the total amount of hormone and the total number of neurosecretory granules within the neural lobe. Since data on the amount of hormone stored in the neural lobe are available for many species, it is the lack of quantitative electron microscopic data on the number of granules within the neural lobe which has precluded the calculation of the amount of hormone stored within individual granules.
In order to calculate the total number of granules within the neural lobe, both the volume and the number of granules per unit volume of embedded neural lobe tissue must be ascertained. Calculation of the latter requires the determination of the number of granule profiles per area of section, their mean diameter, the section thickness, and the maximum size of those partial sections of granules -'cap sections' -which will go uncounted either because they cannot be recognized by the observer or because they were removed from the section during microtomy. An (Rodriguez, 1969) buffered at pH 7-3. Fixative buffered at pH 7-3 was used, despite the fact that granule core preservation can be improved by fixation at pH 50 or 6-0 , since fixation at acidic pH results in general tissue morphology of poorer quality and the sections were also to be used for an evaluation of the anatomical localization of the granules within the morphological subcompartments of the neurosecretory axons (Morris, 1976 (Reynolds, 1963) (Fig. 1) . Thin sections giving a silver interference colour were then cut from the complete face of each block, mounted and stained as described above. Using a Philips 300 electron microscope operated at 80 kV, the neural lobe tissue and grid were mapped out, and micrographs ( 8070) exposed at a fixed position in each of, every 2nd, or of every 3rd grid space containing neural lobe tissue (Fig. 1) It should be noted that, on the basis of numerical density of granules, the third slice was most typical of the gland as a whole and for this reason sections from slice 3 were used for the measurement of the volume fraction occupied by granules. The volume fraction of the neural lobe occupied by neurosecretory granules The 1 cm2 grids produced a total of 34966 intersection points on the 82 prints on which they were placed. These prints were derived from the representative third slice (see Table 1 ) from each of the six neural lobes studied. The (Peachey, 1958) (Floderus, 1944; Elias, Hennig & Schwartz, 1971) (ii) The Nv can also be derived from: Nv = Vv/V (Loud, 1968) (Jones & Pickering, 1969) . Since the specific activity of each hormone is 400-500 mu.//¿g(see Pickering, 1970) Matthews (1968) suggests that for most proteins the volume occupied is between 2-0 and 2-7 IO-3 nm3/Dalton. The hormone in the neurosecretory granules is packaged with its appropriate neurophysin of molecular weight 104 (see Breslow, 1974) Sunde & Sokol, 1975) . The molecular weight of one protein-hormone subunit would thus be 11000 and the volume it would be expected to occupy 22-29 nm3 (a sphere of 3-5-3-8 nm diameter). This figure coincides almost exactly with the range of space available to a molecule of hormone calculated from the granule size and number of molecules per granule derived in the present study (23-4-28 nm3; mean ± 1 S.E.M.).
Freeze-etched material is free from the artifacts introduced by conventional processing for transmission microscopy, and some cells are viable after freezing and thawing (Sherman, 1963; Doebbler, Rowe & Rinfret, 1966) , suggesting minimal tissue disruption. Livingston (1970) and Livingston & Lederis (1971) reported the presence of small spherical subunits within fractured neurosecretory granules of rabbit and ox. These subunits have a diameter of 4-0 nm (i.e. close to the theoretical diameter of the protein-hormone molecule). ) and the ox (Walter, Schlesinger, Schwartz & Capra, 1971 ; Schlesinger, Frangione & Walter, 1972) (Heller, 1966) , the granules are similar in appearance although there may be small differences in size (Krisch, 1974) , in reaction to aldehyde fixation at pH 7-0 and in response to differential centrifugation (Heller & Lederis, 1961; LaBella et al. 1962 ). Recent uncon¬ firmed evidence (Ledere & Pelletier, 1974) suggests that the two hormones could be packaged together, but this is difficult to reconcile with the evidence that oxytocin and vasopressin can be released separately by various stimuli (see Lederis & Jayasena, 1966) .
Exclusive intragranular storage of neural lobe hormone is a more controversial issue. The hypothesis of an extragranular pool is derived from two main sources: electron-lucent granules on micrographs and the presence of hormone in the supernatant of homogenized glands (see Ginsburg, 1968) . Electron-lucent granules have since been shown to be an artifact of fixation, since all granules can be made to retain a dense core by appropriate fixation conditions . The presence of hormone in the supernatant of homogenized glands has often been reported. Ginsburg & Ireland (1966) dismissed the possibility that homogenization was responsible on the grounds that rehomogenization did not result in a further hormone loss of equal magnitude, but this assumes that all granules are equally fragile. During fixation, older granules appear to be preferentially osmotically fragile and putative oxytocin-containing granules more fragile than those thought to contain vasopressin . Granules are likely to be more sensitive to osmotic disruption during homogenization than during fixation, since the unfixed granule membrane can respond quickly to changes in the external environment (Ishii, 1964) and a 'solid' core would always be hypertonic with respect to the surrounding medium once dissolution had started. Preferential fragility could thus explain observations that more oxytocin than vasopressin is found in the supernatant (Barer et al. 1963 ; Ginsburg of osmotically stimulated animals and Brattleboro rats (Norström, 1973) since newly formed hormone and neurophysin are preferentially released (Sachs, 1971; Norström, 1974) and thus the granules remaining in the gland of chronically stimulated animals would be rela¬ tively older. The evidence used to support the extragranular storage of hormone can thus be explained by the loss of granule content either by inappropriate fixation or during homo¬ genization. Indeed, there are pressing reasons why hormone should not be stored free in the cytoplasm, since oxytocin exerts a profound effect on the electrical activity of neuro¬ secretory cells (Moss, Dyball & Cross, 1972 represent the form in which the hormone is stored in vivo" Mixtures of vasopressin and neurophysin will crystallize in vitro (Hollenberg & Hope, 1968) and crystals have been reported in insulin granules (Greider, Howell & Lacy, 1969) which share some features with neurosecretory granules (Pickering, Jones & Burford, 1971 ) including pH sensitivity (Howell, Young & Lacy, 1969) . However, crystals in neurosecretory granules processed for classical transmission microscopy are very irregular with respect to the granule membrane (which is often discontinuous) leaving a large irregular clear submembranous zone -a very different picture from the spherical granules of the freeze-etched material. It may also be noteworthy that, save for the report of Bargmann & Gaudecker (1969) , the reports of crystals in vertebrates are from immersionfixed material of species in which one might expect a greater than optimum time from death of the animal to fixation of the tissue. Indeed, Normann (1970) comments that, in inverte¬ brate neurosecretory granules, crystals tend to be found 'under conditions which to all appearances are somewhat abnormal and which in drastic cases involve osmotic swelling and even disruption of the granule membranes'. Furthermore, the production of crystalline cores in bovine material is enhanced by acidic (precipitant) aldehyde fixation (Morris, 1974) .
Thus the irregular crystals reported probably represent granule cores which have started to dissolve and which have then been precipitated in crystalline form, and granules from some species may be particularly prone to this.
Content of neurosecretory granules
In addition to oxytocin, vasopressin and their neurophysins, the granules also contain a membrane-associated glycoprotein (Tasso, 1973; Jones & Swann, 1974) , and may also contain a lipid moiety of the neurophysins (Mylroie & Koenig, 1971) and other peptides and neurophysin-like proteins (LaBella, Shin, Vivian & Dular, 1971) , though the latter may be degradation products of the principal constituents (Breslow, 1974) . Granules probably also contain a protease (Cross et al. 1975 ), since it is thought that both the hypo¬ thetical precursor protein (Sachs & Takabatake, 1964) and the oxytocin-associated neuro¬ physin (B) (Burford & Pickering, 1973) are cleaved enzymically in granulo. The volume that any of these components might occupy is unknown. In addition, Goodmann & Hiatf (1972) report a neural lobe peptide (Coherin), but nothing is known of its packaging.
Hormone release in terms of granules If hormone release from the neural lobe occurs by exocytosis, then the quantity of hormone released will be proportional to the number of granules exocytosed. Knowing the amount of hormone in a granule, it is now possible to express hormone release in terms of the numbers of granules involved. Three different rates of hormone secretion will be considered: basal secretion in the unstressed animal; the enhanced secretion during chronic osmotic stress; and the pulsatile release of hormone during the milk-ejection reflex (Wakerley, Dyball & Lincoln, 1963) .
The daily turnover of neural lobe hormone in this strain of rat is~50 mu./day. This figure represents both the maximum rate of release and the minimum rate of synthesis (Jones & Pickering, 1972) , since granule degradation also occurs (e.g. Dellmann & Rodriguez, 1970) . Since each granule contains~5-5 10~8 mu. hormone, this rate of hormone release represents the loss of 9 IO8 granules/day, or 1 IO4 granules/s from the neural lobe. Since there are about 18000 magnocellular neurosecretory cells (Bodian & Maren, 1951 ; Bandaranayake, 1971) , assuming that all cells are equally productive, this means the production of a minimum of 5 IO5 granules/cell/day. The maximum chronic release of hormone as induced by saline administration or dehydration is 250-500 mu. hormone/day in this strain of rat (Jones & Pickering, 1969) and this would be represented by the release of 4-5-9-0 IO4 granules every second.
The greatest rate of hormone release attained in the neural lobe is probably that which occurs during the milk-ejection reflex, when about 1 mu. oxytocin is released in 3 s, this release being brought about by the arrival in the neural lobe of a burst of some 5-4 IO5 action potentials (Lincoln, 1974) . In granular terms, this would mean the release of some 6 x 10e granules/s, or about 30 granules for each action potential in the burst.
Even this maximum release rate does not represent a very large amount of hormone in relation to the total store in the neural lobe, and if an exocytotic event takes about 6 ms as in a mast cell (Douglas, 1974) ally similar to previous data for the same strain of rats (7-9 profiles//¿m2; especially since in the previous report only fields containing granules were used, where¬ as in the present report fields devoid of granules (e.g. blood vessels) were included. They are also similar to the results of Santolaya et al. (1972) , whose data suggest a numerical density of 3-2 granule profiles//¿m2. Errors in measurement of (a) and (b) (Weibel, 1973) . The method of circle fitting is the most appropriate (Weibel, 1969) for measuring granule profile diameters, and should not lead either to preferential over-or under-estimation. Granule swelling and the presence of pale expanded granules which can result from aldehyde prefixation was reduced to a minimum by the short duration of prefixation, and clearly disrupted granules were excluded from the group of granules measured.
The method of Giger & Riedwyl (1970) (Krisch, 1974) . The present study and past observations (Zambrano & De Robertis, 1968; Rodriguez, 1971 ; Ishii, Thomas & Nakamura, 1973; would support Krisch's (1974) (Holmes, 1927) . Thus it appears that the most accurate de¬ scription of the figure derived for D is that it is the 'best possible estimate based on avail¬ able data and techniques'. The formulae used to compute ',, and 1-^.are unfortunately particu¬ larly sensitive to changes in D, since a + 10 % change in D gives a -20 % change in Nv. As D is more likely to be an underestimate than an overestimate, this means that Nv will be preferentially overestimated from this cause. (e) Section thickness (t) This was not measured but was taken from the data of Peachey (1958) . The calculations are, however, not particularly sensitive to changes in t, since a +10 % change gives a -3-4 % change in Nv calculated from Na and a -3-8 % change when calculated from Pv.
(f) Cap section loss Most published histograms (e.g. Rodriguez, 1971; Krisch, 1974) 
